Abstract. The growing requirements concerning the accuracy of measurements and their traceability and worldwide comparability constitute a considerable challenge for Brazilian National Metrology Institute, Inmetro, with its responsibility for ensuring the scientific background for the consistency and accuracy of national measurements. This paper reports the results of the first participation of Inmetro in the international key comparison (KC) of primary standard gas mixture (PSM) of automotive emission gravimetric production. This participation aims to fulfil the necessary preliminary criteria for mutual recognition of measurements, and the results obtained were considered satisfactory..
Introduction
Nowadays, quality in gas analysis has increased, requiring international standards of comparison. Nevertheless, in Brazil there is a lack of availability of primary reference gas mixtures (PRM) , what leads to the importation of these certified reference materials (CRM). The production of these standards intends to avoid the importation needs and substantially decrease its costs, in order to include Brazil in the selected group of national producers of PRM. The automotive emission PRM is the first developed CRM that Inmetro produced, in order to support the demand of national gas industry and to disseminate traceability among the society. This report describes the key comparison on PSMs (primary standard gas mixtures) for "automotive" gas mixtures between national metrology institutes (NMIs) under auspices of the Euramet [1] . The capabilities for the gravimetric preparation of such CRM, that is gas mixture of carbon monoxide (CO), carbon dioxide (CO2), and propane (C3) in nitrogen (N2) matrix, have been compared, with participating NMI submitting each a gravimetrically prepared gas mixture of a specified target composition typical for the automotive industry to the coordinating laboratory. The measurement of this PRM is relevant for implementing regulations with regard to car exhaust gas measurements. Inmetro´s mixture submitted was consistent with respect to the key comparison reference value (KCRV) for all components. The results from the final report presented satisfactory relative agreement within 10-2 mol mol-1 of the reference values for all the components in the gas mixture. The report was submitted to the JCRB (Joint Committee of the Regional Metrology Organizations and BIPM) after approval of the CCQM Gas Working Group. Therefore, Inmetro´s participation has successfully validated its preparation capabilities for this 4 (four) component primary reference gas mixture. It is also expected that future activities on gas analysis regarding development of gas mixtures CRMs will further improve in the harmonization and optimization of measurement methods and the reduction of measurement uncertainty.
Methodology

Field of measurement and Subject
This comparison was performed to quantify and compare among the participants the amount-of-substance fraction of gas mixtures for car exhaust measurements, automotive mixtures with the following nominal composition: 20 mmol mol-1 carbon monoxide, 120 mmol mol-1 carbon dioxide, and 1000 µmol mol-1 propane in nitrogen.
Participants
In total, 5 (five) participants joined this KC and were requested to prepare the automotive mixture. In this key comparison the participants submitted a PSM to the coordinating laboratory. 
Measurement protocol
The calculation of the gas composition and associated uncertainty evaluation should be done in accordance with ISO 6142:2001 [2] . This produced mixture was verified by the Brazilian laboratory using Varian 3800sp gas chromatograph equipped with these columns: a WCOT Fused silica (60m x 0,25mm), a Hayesep T (0,5m x 2mm), a Hayesep Q (0,5m x 2mm) and a Molsieve 13x (1,5m x 2mm); Helium (5.0) was used as carrier gas, and the GC has a thermal conductivity detector (TCD) for the CO and CO2 analysis and a flame ionization detector (FID) for the propane analysis, which were performed in three runs under repeatability conditions. Based on the calibration curve, analysis values and its respective uncertainties were assigned to the amount fractions of carbon monoxide, carbon dioxide, and propane using the ISO 6143:
The submitted reference gas mixtures were measured three times against VSL PSMs (primary standard gas mixtures) on three different days. The reference values for the amount-of-substance fractions are obtained by interpolation using the calibration curve. The measurements from the coordinating Laboratory were taken on an Agilent 6890N gas chromatograph equipped with a 10ft Porapak N and a 3ft Molsieve 13x column, and two detectors (flame ionisation detector (FID) and thermal conductivity detector (TCD)). Helium (5.0) was used as carrier gas. For all components, the TCD signal was used.
Measurement calculation
The prepared reference gas mixture was measured against PRMs on 03 (three) different days. The reference values for the amount-of-substance fractions are obtained by interpolation using a calibration curve. The results that follow are presenting the uncertainty of the area, with 07 (seven) repetitions, for each day, during 03 (three) days. The results from the gas chromatographic measurements have been fitted using a quadratic polynomial function, in accordance with ISO 6143:2001, using the software bleast. Standard uncertainty of the mixture was calculated with following formula:
where: ucert final uncertainty uprep uncertainty of gravimetric preparation uver uncertainty from verification (GC analysis) ust uncertainty from stability (not done)
Degree-of-Equivalence
A degree of equivalence is defined as the difference of a measurement result with respect to the key comparison reference value (KCRV) [4, 5] : (2) and its associated uncertainty. In previous key comparisons where the participating laboratories submitted a mixture, the KCRV was calculated from the consensus straight line obtained from calibrating the analyser with the submitted mixtures [6, 7] . This approach is in this key comparison not possible, because of the very limited ranges of the components. As alternative approach the analyser is calibrated with the PSMs (Primary Standard gas Mixtures) from the coordinating laboratory. In this case the analysed value of the amountof-substance fraction is adopted as KCRV:
(3) for each component in each mixture. The uncertainty of the degree-of-equivalence defined by equations (2) and (3) is given by equation (4): (4) which follows directly from the application of the law of propagation of uncertainty to equation (2) .
Results
Gravimetry
The automotive mixture was gravimetrically prepared by Inmetro´s Gas Analysis Laboratory in accordance to the ISO 6142:2001. The mixture was filled 120 bar in a 5L aluminium cylinder from Scott, which a special surface treatment. It was used a pre-mix of CO and another one of propane, both from VSL, with their purity table declared by the NMI. The pure CO2 quality 9999.9% and N2 quality 99999.9% were used, and their purity table was estimated based on the supplier information, in accordance to the ISO 6142:2001. The purity table for the final mixture of interest gravimetrically prepared is presented in Table 2 . 
Carbon Monoxide
The results for the carbon monoxide GC analysis, including the calibration curve using the PRMs from VSL, are presented in Table 3 and Table 4 . It´s important to observe that those results are already from the average of the 3 (three) days of analysis. The results regarding the degree-of-equivalence calculated by the coordinating laboratory considering only the results sent by Inmetro are presented in Table 5 and Figure 1 . 
Carbon Dioxide
The results for the carbon dioxide GC analysis, including the calibration curve using the PRMs from VSL, are presented in Table 6 and Table 7 . The results regarding the degree-of-equivalence calculated by the coordinating laboratory considering only the results sent by Inmetro are presented in Table 8 and Figure 2 . 
Propane
The results for the propane GC analysis, including the calibration curve using the PRMs from VSL, are presented in Table 9 and Table 10 . The results regarding the degree-of-equivalence calculated by the coordinating laboratory considering only the results sent by Inmetro are presented in Table 11 and Figure 3 . 
